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The composition of the skin surface lipids of
the mouse and rat has been studied by Wheatley
and James (2); detailed investigations in the
case of the rat have been carried out by Nikkari
and Haahti (3) and by Nikkari (4). Carruthers
has described the lipids derived from mouse der-
mis and epidermis under various conditions (5,
6,7,8).
Recently, a hereditary absence of sebaceous
glands in a mouse strain Bal/Bc has been re-
ported (1). The skin of the mutant mouse is
characterized by a complete absence of seba-
ceous glands (asebia), hyperkeratosis and de-
fective hair growth. Evidence was presented to
show that the mutant mice lack a product or
products necessary for hair growth and kerati-
nization. In order to understand the biochemical
changes occurring in the skin syndrome, we have
made a further chemical analysis of the surface
lipids, epidermal lipids, and the total skin lipids
of the normal and the mutant strain of mice.
This report describes the fatty acid composition
of each of these skin compartments.
MATERIALS AD METHODS
Mice: Normal albino mice, strain BAL/Bc,
weighing 25—27 g, were used. The mutant mice
were of strain BALB/cGa-+ ab (1) and each
weighed approximately 21 g. All mice were main-
tained on a standard laboratory diet ("Purina"
Laboratory Chow) and the hair of the normal
animals was kept shaven.
Lipid collection: (a) Surface lipids. Surface
lipids were collected by lightly anesthetizing each
animal with ether, and then irrigating its skin
with a fine jet of acetone for about 10 seconds,
while it was held by head and tail over a large
beaker into which the washings drained. Approxi-
mately 10 ml of acetone was used for each mouse.
The head, tail and anal region were not washed.
By this procedure, the toxic effects of acetone were
minimal, and all animals survived. Complete
immersion in acetone, as described for rats (3),
was found to be too drastic a method for mice;
about half of those treated in this way succumbed.
By pooling the acetone washings, two solutions
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were obtained containing surface lipids from the
normal and from the mutant animals. These were
evaporated to dryness under reduced pressure,
and the residues were dissolved in light petroleum
(b.p. 40°—60°C). These solutions were dried (so-
dium sulfate), filtered, and re-evaporated.(b) Whole skin lipids. After the last collection
of surface lipids, the animals were sacrificed and
the entire skin removed along with the subcuta-
neous fat; the skin was cut into pieces about 1
cm square with scissors. These were extracted by
stirring with acetone for 60 hours. The acetone
was decanted and the process repeated with ether
for 24 hours. The acetone and ether solution were
combined and the solvents removed in a rotary
evaporator at 50°. The wet residue was redis-
solved in light petroleum, dried and the solvent
removed.
(c) Epidermal lipids. Three control mice and
four mutant animals were sacrificed and their
shaven skin washed with acetone to remove sur-
face lipid. The skin was removed and the epi-
dermis separated by the ammonium hydroxide
method (10). Two pooled samples of epidermis
from the control and from the mutant animals
were obtained. These were homogenized at room
temperature in chloroform-methanol (1:2, v/v).
Following centrifugation of the suspension, lipids
were recovered from the solution by evaporation
to dryness in vacuo using a rotary drier at 50°C,
and purified by extraction with hexane-dichloro-
methane (1:1, v/v).
Thin-layer chromatography: (a) On silica.
Lipids were resolved by preparative TCLt using
20 cm2 plates coated with silica gel "G" to a depth
of 0.35 mm. A lipid sample of 20 mg in ether(whole skin, surface skin lipids) or dichloro-
methane (epidermal lipids) was applied to each
plate; plates were developed with light petroleum-
ethyl acetate (94:6, v/v) in an ascending mode.
Visualization involved spraying with 02% etha-
nolic dichlorofluorescein and examination under
U.V. light. The various bands were scraped from
the plates and extracted with dichloromethane
(neutral lipids) or chloroform-methanol (phospho-
lipids).
In the case of epidermal lipids the band con-
taining free sterols and phospholipids was ex-
tracted and the material reapplied to a second
plate, which was developed with light petroleum-
ethyl acetate (88:12, v/v) in order to resolve
these components.(b) On alumina. The bands corresponding to
449
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sterol esters and wax esters (Figure 1) of the
surface skin lipids were combined, extracted, and
the ester mixture reapplied to preparative plates
coated to a depth of 0.35 mm with basic alumina.
A sample of 1 mg was applied to each plate; de-
velopment was by hexane-benzene (94:6, v/v),
and visualization as before. This method was
based on that of Haahti and Nikkari (11).
Transesterification: The various ester-contain-
ing fractions (wax esters, sterol esters, triglyc-
erides) were subjected to transesterification in
the manner described previously (9). The methyl
esters and hydroxylic compounds formed by this
procedure were isolated by extraction with light
petroleum, and separated by TLC on silica under
the same conditions described above for lipid
resolution.
Argentation: In some cases, methyl esters were
resolved according to degree of unsaturation by
TLC on silver nitrate-impregnated plates by the
method of Dunn and Robson (12).
Hydrogenation: When methyl ester samples
were not resolved by argentation, the occurrence
of unsaturated esters was investigated by GLC
analysis before and after catalytic hydrogenation.
The latter was achieved by exposure of samples
in methanol-benzene (20:1, v/v) containing pal-
ladium (on carbon, 5%) to hydrogen for 3 hours
with stirring; about 25 mg of catalyst per mg of
sample was used.
Gas Liquid Chromatography: Analysis of
methyl ester mixtures was carried out using GLC.
For details of the columns used, mode of opera-
tion and quantitation, see reference 9.
Materials: See reference 9.
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Fig. 1. The TLC resolution of mouse skin sur-
face lipids on silica gel.
Lipid Resolution
(a) Whole skin lipids. Due to adipose tissue,
which underwent the extraction process with the
skin, these lipids were almost entirely triglycer-
idic in nature, and, apart from traces of bands
corresponding to other neutral lipids, formed a
single band on thin-layer plates.
(b) Surface lipids. TLC on silica afforded 5
major fractions. These formed patterns which
were different in the two strains of mice (Fig.
1). The triglyceride and sterol bands were iden-
tified by running authentic samples of tripalmi-
tin, lanosterol and cholesterol alongside. The re-
maining, most mobile fractions were mixtures of
sterol esters, wax esters and diesters (see ref-
erence 4 for a discussion of these in rat lipids).
These last three ester fractions were resolved
more satisfactorily on basic alumina layers into
the following bands, which, in order of decreas-
ing mobility, consisted of (Fig. 2):
(i) Wax esters. These formed 5% of the total
surface lipids of the control mice but were un-
detected in asebic mice. Transesterification of
this fraction gave rise to methyl esters and long-
chain alcohols.
(ii) Sterol esters. This band was present in
both control and asebic mouse lipids, and had
the same R5 value as a sample of cholesterol
stearate. On extraction, it afforded material
which formed 10% of the control and 13% of the
asebic lipids. In both cases, transesterification
RESULTS
Total Lipids
(a) Whole skin lipids. Extraction of the en-
tire skin of the control mice afforded 0.21 g of
lipid per gram of skin (wet weight) ; the cor-
responding figure for the mutants was 0.13 g.
No phospholipid was extracted by the proce-
dures adopted.
(b) Surface lipids. Washing of 3 control mice
on each of 3 successive days produced 31 mg of
lipid (131 mg per kilogram of body weight per
washing) and 13.5 mg from 3 asebic animals
identically treated (71 mg/kg/washing).
(c) Epidermal lipids. Epidermis from 3 con-
trol mice weighed 227 mg (total dry weight),
and yielded 30 mg of lipid on extraction. Mutant
mice (4 animals) provided epidermis (209 mg)
which yielded 13 mg of lipid.
control mutant
mice mice
QVftt.J±Qfl1
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gave methyl esters and material with the same
R2 value as cholesterol on a chromatoplate.
(iii) Wax diesters and sterol esters. This
band contained about 65% of the control mice
lipids, but only 13% of the asebic. In addition to
methyl esters, transesterification gave rise to
sterols and material which had zero R2 value
during TLC. This appeared to consist of dihy-
dric alcohols such as reported by Nikkari and
Haahti in rat surface skin lipids (3). The ratio
of these alcohols to sterols was estimated to be
about 4: 1 in the controls, and 1: 1 in the asebics.
Thus mouse surface lipids were resolved into
C,7 sterols (abundant in lipids from the asebic
mice), C,, sterols, triglycerides, wax esters (con-
trol mice only), sterol esters, and a wax diester
fraction which also contained sterol esters and
was markedly reduced in the case of the mu-
tants.
(c) Epidermal lipids (Fig. 3). Resolution by
TLC on silica gave bands corresponding to:
sterol esters, wax diesters plus some sterol esters
(this band was missing from the mutants' lip-
ids), triglycerides, C,, sterols, and phospholipids.
Table I outlines the composition of lipids from
skin, surface, and epidermis on a weight basis.
Fatty Acids
The principal fatty acids of the ester lipid
fractions are given in Table II (whole skin),
Table III (surface) and Table IV (epidermal).
_____________
wax esters
i sterol esters L
\{wax diesters
,+sterol esters,j,1line of application
Fia. 2. The TLC resolution of mouse skin
surface esters on basic alumina.
____________ C27 sterols
___________ phospholipid j.
__________line of application
Fio. 3. The TLC resolution of mouse epidermal
lipids on silica gel.
Branched and straight-chain acids with from 14
to 36 carbon atoms occurred; these included
saturated, monoenoic, and one diunsaturated
(linoleic). In Table IV, acids are designated by
their relative carbon numbers (13) on the SE-30
column, under the GLC conditions described;
thus, for instance, 22.0 refers to the GLC peak
which is composed of 22:0, and 21.7 designates
the peak consisting of 22:1 and branched 22:0.
Amounts of unsaturated, branched acids were
negligible.
On comparing the control and mutant mice,
several differences became apparent. In sterol
esters from the former, a series of long-chain,
monounsaturated acids with from 27 to 36 car-
bon atoms was observed. These formed 35%
and 21% of the fatty acids in this class in the
surface lipids and epidermal lipids respectively.
They were undetected in the corresponding frac-
tions from the mutants, which were observed to
possess considerable quantities of branched C,,
saturated instead.
A second difference involved the extent to
which the C, acids (18:0, 18:1, 18:2 and 18:3)
occurred. In subcutaneous fat, linoleic acid
(18:2) was five times as abundant in the mu-
tants as in the controls. In surface lipids, stearic,
oleic (18:1) and linoleic formed a greater part
of the mutant fatty acids than in the controls,
especially linoleic, which occurred only to a neg-
ligible extent in the latter. The same trend was
control mutant
mice mice
solvent front
____________ sferol esters (
___________I wax diesters
___________
triglycerides '
control mutant
mice mice
c!iyAntJrQnt
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TABLE I
Composition of mouse skin lipids
Lipid fraction
Whole skin lipids' Surface skin lipids' Epidermal lipids
Controls Mutants Control Mutants Controls Mutants
9
—
Waxesters ]
Sterol esters
Wax diesters*J
<0.002 <0.002
7
13
86
—
10
10
15
31
Triglycerides 0.21 0.13 8 9 48 17
C3osterols 7 7 — —
Cnsterols <0.002 <0.002 10 35 10 25
Phospholipids — — 18 10
* Includes some sterol esters.
'Expressed as grams per gram of wet skin.
2 Expressed as mg per kg of body weight per washing.
Expressed as mg per gram of dry epidermis.
A dash (—) denotes non-detection.
TABLE II
Fatty acid composition of whole skin lipids (as %)
Fatty acid Controls Mutants
14:0 1.0 0.3
16:0 4.3 24.3
16:1 6.7 —
18:0 29.7 28.7
18:1 46.9 19.8
18:2 5.5 25.2
20:Obr 1.2 —
20:0 5.0 —
noticed in the epidermal lipids, with the excep-
tion of the triglycerides, in which stearic acid
(mutants) replaced oleic acid (controls) as prin-
cipal fatty acid.
Apart from the C27 acid mentioned above,
branched-chain acids did not occur to any great
extent in lipids from the asebic mice. This was
especially noticeable on examination of the
amounts of branched C20 and C,1 in mutants and
controls.
DISCUSSION
Carruthers has described the fatty acid com-
position of mouse epidermal triglycerides (6),
phospholipids (6) and sterol-wax esters (8) and
also of dermal triglycerides (6). The data pre-
sented here confirm his findings, e.g., that ligno-
ceric (24:0) and cerotic (26:0) are among the
major phosphatidic acids. Since acids with over
26 carbons can only be observed readily during
temperature-programmed GLC operations, Car-
ruthers, who utilized isothermal analyses did not
report the long-chain acids described in the pre-
vious section, which occur esterified to sterols.
It is interesting to note that the changes ob-
served in the composition of the whole skin lip-
ids, which resemble dermal triglycerides (6), on
going from the control to the mutant animals,
parallel changes reported in the latter triglycer-
ides on induction of hyperplastic cell conditions
by methylcholanthrene (6), i.e., during abnor-
mal growth cycles. These changes were an in-
crease in linoleic and decrease in oleic acids. The
surface lipids of the mutants also contained
much more linoleic acid than those of the con-
trol mice.
The greatly reduced (from. 65% to 13%)
amounts of wax diesters in the mutants' surface
lipids was initially ascribed to the absence of se-
baceous outflow onto the skin of these mice, but
this view became untenable when diesters were
not detected in their epidernial lipids either. This
finding indicates that in addition to the absence
of sebaceous gland activity, the epidermal cell
itself is not able to synthesize some lipid constit-
uents, and that the alterations in surface lipids
cannot be interpreted solely as a deficiency in
sebaceous outflow.
A further significant difference between the
control and mutant mice was the large increase
in the amounts of free sterols in the surface lip-
ids of the latter. This again supports the idea of
an alteration in the metabolism of the epidermal
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TABLE III
Principal fatty acids of various fractions of mouse skin surface lipids (as %)
Fatty acid
Wax esters Sterol esters Wax diesters Triglycerides
Controls Mutants Controls Mutants Controls Mutants Controls Mutants
14:0
15:0
*16:Obr
16:Obr
16:1
16:0
17:1
17:0
*18:Obr
18:Obr
18:1
18:2
18:0
19:Obr
19:1
19:0
2O:Obr
20:1
20:0
21:Obr
21:1
21:0
22:1
22:0
23:0
24:0
26:0
27:Obr
27:0
28:1
28:0
29:1
30:1
31:1
32:1
33:1
34:1
35:1
1.3
1.9
3.4
4.3
3.2
4.9
4.9
2.9
3.1
2.1
19.2
2.9
1.0
2.9
1.8
2.6
7.0
2.1
1.0
4.1
4.6
5.3
1.9
1.4
1.0
<0.3
3.6
0
C
z
0.5
0.5
0.8
<0.3
1.5
0.9
1.1
18.4
2.0
1.0
0.8
0.5
1.0
7.1
<0.3
1.7
2.2
1.0
3.6
1.7
1.5
1.2
0.5
0.3
<0.3
1.9
1.9
9.0
1.5
3.7
5.2
8.3
4.5
5.9
2.1
1.0
1.0
0.6
2.4
4.4
1.8
1.0
0.6
37.0
12.9
4.2
0.6
0.6
0.7
1.3
2.2
2.7
0.3
0.8
1.6
1.1
1.3
0.6
2.6
1.0
10.1
1.0
0.7
1.3
1.2
5.8
3.3
2.2
2.4
0.7
13.6
1.4
0.7
0.7
4.6
3.3
9.6
7.9
1.3
2.5
18.7
2.6
4.3
4.1
1.3
0.5
0.6
0.4
0.6
0.8
1.0
1.5
3.2
3.5
1.2
2.5
0.6
22.2
6.1
3.5
0.6
1.5
2.4
2.5
13.2
6.6
0.8
2.3
8.3
2.9
3.3
1.9
2.9
1.0
1.7
1.5
1.2
3.0
8.4
1.3
1.7
0.9
12.6
4.2
0.8
0.5
2.1
2.1
13.8
4.5
1.5
3.2
7.1
4.2
3.6
2.1
3.3
1.2
7.8
1.9
0.6
<0.3
1.5
9.1
0.6
0,8
<0.3
37.3
10.2
7.3
<0.3
0.4
1.5
0.5
14.4
3.5
0.7
0.5
1.1
1.1
0.5
2.7
4.6
* 2 types of branched acid (br).
A dash (—) denotes non-detection (<0.1%).
cell since the actual increase (from 14 to 60%)
was much greater than would be expected if the
disappearance of the wax ester fraction and the
reduction in wax diesters were due entirely to
the cessation of sebaceous activity.
The most striking difference between the two
types of mice involved the very long chain (27.-
36 carbons), monounsaturated acids occurring
in the sterol ester fractions of surface and epi—
dermal lipids. Nikkari has reported acids of this
chain length in rat surface lipids (3, 4) but they
have not hitherto been observed in mice. These
acids were almost entirely absent in the mutants,
who apparently possess greatly diminished abil-
ity to synthesize acids with more than 27 car-
bons since they show 10—13% of a branched C!s
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TABLE IV
Principal fatty acids of mouse epidermal lipids (as %)
Fatty acid
(carbon
number)
Sterol esters Wax diesters Triglycerides Phospholipids
Controls Mutants Controls Mutants Controls Mutants Controls Mutants
14.0 1.1 1.5 2.6 2.2 1.5 1.3 1.0
14.7 0.3 1.2 — — — — —
15.0 1.0 1.5 2.1 — — — —
15.7 2.1 9.0 3.3 5.3 1.4 2.1 1.3
16.0 11.9 13.0 23.0 21.2 30.0 15.0 9.0
16.7 0.8 2.6 0.8 — — — —
17.0 0.5 0.4 1.2 — — — —
17.7* 12.1 15.3 0.7 51.8 8.5 13.8 6.6
17.7** 1.8 4.7 0.3 13.6 3.0 5.6 14.1
17.7*** — 1.0 — — — 1.6 3.0
18.0
18.7
19.7
20.0
20.7
21.0
21.7
22.0
5.3
1.3
7.8'
2.5
3•73
0.3
11.8
2.3
10.0
0.3
0.8
2.9
0.5
0.3
0.9
3.0
7.0
1.0
5.6
14.4
2.6
5.1
5.8
8.2
El
El
El
Z
2.7
1.2
—
—
—
44.0
—
—
2.5
4.0
—
—
10.2
1.2
1.0
1.6
2.1
—
2.3
5.3
—
—
1.1
0.5
0.5
—
5.1
23.7 1.9 — 0.9 — — — —
24.0 3.1 12.0 4.1 — — 17.5 33.5
25.0 — 1.0 1.0 — — 2.1 2.5
26.0 0.7 2.1 1.5 — 14.0 10.0
26.7 — 13.8' 1.1 — — — —
28.0 0.4 — — — — 2.1 —
29.7 2.7' — 1.0 — — — —
31.7 8.2' — 1.5 — — — —
33.7 6.9' — 1.5 — — — —
35.7 2.4'
* 18:1 (oleic acid).
** 18:2 (linoleic acid).
*** 18:3 (linolenic acid).
1 all straight-chain, monounsaturated.
all branched chain, saturated.
mostly branched-chain, saturated.
acid in their sterol esters. This reduced capacity
may account for the observed plenitude of C,8
acids.
At present, little information is available
about the physiologic activity of the long chain
fatty acids present in the sterol ester fraction of
mouse skin. Whether or not the striking mor-
phologic changes of the skin of the mutant are
a consequence of these deficiencies is presently
under investigation.
SUMMARY
Whole skin, surface and epidermal lipids have
been collected from normal and a mutant (ase-
bic) strain of mice and lipids from the mutants
were found to be deficient in sterols esterified
with very long-chain fatty acids, in wax esters
and wax diesters, but rich in free sterols.
These changes do not result solely from the
absence of sebaceous glands, but also reflect a
fundamental defect in fatty acid metabolism in
the skin epithelial cell.
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